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Abstract
Background: Quality antenatal care (ANC) is recognised as an opportunity for screening and early identification of
pregnancy-related complications. In rural Ghana, challenges with access to diagnostic services demotivate women
from ANC attendance and referral compliance, leading to absent or late identification and management of high-risk
women. In 2016, an integrated diagnostic and clinical decision support system tagged ‘Bliss4Midwives’ (B4M), was
piloted in Northern Ghana. The device facilitated non-invasive screening of pre-eclampsia, gestational diabetes and
anaemia at the point-of-care. This study aimed to explore the experiences of pregnant women with B4M, and its
influence on service utilisation (“pull effect”) and woman-provider relationships (“woman engagement”).
Methods: Through an embedded study design, qualitative methods including individual semi-structured interviews
and non-participant observation were employed. Interviews were conducted with 20 pregnant women and 10
health workers, supplemented by ANC observations in intervention facilities. Secondary data on ANC registrations
over a one-year period were extracted from health facility records to support findings on the perceived influence of
B4M on service utilisation.
Results: Women’s first impressions of the device were mostly emotive (excitement, fear), but sometimes neutral.
Although it is inconclusive whether B4M increased ANC registration, pregnant women generally valued the
availability of diagnostic services at the point-of-care. Additionally, by fostering some level of engagement, the
intervention made women feel listened to and cared for. Process outcomes of the B4M encounter also showed
that it was perceived as improving the skills and knowledge of the health worker, which facilitated trust in
diagnostic recommendations and was therefore believed to motivate referral compliance.
Conclusions: This study suggests that mHealth diagnostic and decision support devices enhance woman
engagement and trust in health workers skills. There is need for further inquiry into how these interventions
influence maternal health service utilization and women’s expectations of pregnancy care.
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Background
Worldwide, significant progress has been made to re-
duce maternal mortality and morbidity. However, many
low and middle-income countries (LMICs) remain sig-
nificantly burdened by preventable maternal deaths and
pregnancy-related morbidities [1, 2]. Substantive efforts
to improve maternal health globally is therefore a key
agenda under the Sustainable Development Goals [3, 4].
Furthermore, there is an observed shift from higher pro-
portions of maternal deaths due to direct causes such as
haemorrhage and sepsis, to increasing mortality related
to indirect causes such as heart disease and anaemia, i.e.
the obstetric transition [5, 6].
Quality antenatal care (ANC) is widely recognised as an
important opportunity for screening and early identifica-
tion of pregnancy-related complications such as pre-
eclampsia, anaemia, and gestational diabetes [7, 8]. In
cases of late or failure to diagnose, these conditions may
cause severe morbidity and mortality. It is estimated that
haemorrhage, often in combination with anaemia, as well
as preeclampsia, account for about 27 and 14% of all ma-
ternal deaths worldwide [9, 10]. Specifically, in Ghana, the
Maternal Mortality Ratio (MMR) in 2015 was reported at
319 per 100,000 live births with a large range of uncer-
tainty (from 216 to 458) [11]. Haemorrhage (39%), hyper-
tensive disorders (35%) and unsafe abortions (7%) were
the main direct causes, while indirect causes (26%) include
severe anaemia, diabetes and malaria [12].
In rural and remote areas of Ghana, comprehensive
ANC is often hampered by staff shortages, lack of diag-
nostic equipment and supplies or weak referral linkages
[13, 14]. Pregnant women are therefore often referred to
distant health facilities, laboratories or private facilities
for routine diagnostics. The resultant loss of time and
money required to visit these facilities, demotivate
women from ANC attendance and referral compliance,
and may result in late identification and management of
pregnancy-related complications.
Mobile Health (mHealth) solutions, defined as “the
provision of health services and information via mobile
technologies” [15] have been reported as beneficial for im-
proving ANC services in LMICs [16–18]. There is a grow-
ing body of literature stating that mHealth solutions can
potentially reduce gaps and inefficiencies in health service
delivery including point-of-care screening, integration of
records and streamlining care processes [19–22]. How-
ever, there is sparse evidence on the influence of such in-
terventions on service utilisation and woman engagement.
Using a mHealth intervention in rural Ghana as a case
study, this paper aims to address this gap.
In 2016, a one-year proof-of-concept study tagged
Bliss4Midwives (B4M) was launched in two regions of
Northern Ghana- Upper East and Northern regions, with
a goal to improve ANC services. The B4M device is an
integrated diagnostic and Clinical Decision Support Sys-
tem (CDSS) that enables non-invasive point-of-care
screening for pre-eclampsia, gestational diabetes and an-
aemia. B4M components include a non-invasive device for
measuring haemoglobin via infrared sensors mounted on
a finger clip; a self-inflating blood pressure cuff; and an
automated reader for urinary protein and glucose through
dipsticks. Data from all diagnostic devices are automatic-
ally or manually linked to an android tablet equipped with
decision support algorithms. Additionally, a traffic light
system (red, orange and yellow colours) visually indicates
risk category or referral urgency for pre-eclampsia, gesta-
tional diabetes and anaemia, while prompting the health
worker on counselling and treatment. Before commencing
the pilot project, users (midwives and community health
nurses) were trained on the technical and operational
functions of the device. Training also included modules
on the principles of quality ANC and management of
pregnancy complications.
The project hypothesised that through this
mHealth-health worker interface, the interpersonal
process of care- a component of quality ANC- would im-
prove. It was also expected that coupled with treatment or
referral advice, the traffic light signalling would increase
women’s engagement with the midwife, and women’s
compliance. Additionally, by being responsive to the needs
of pregnant women for screening tests, the project antici-
pated that use of B4M would increase demand and utilisa-
tion of ANC services. Summarily, the pilot project offered
the opportunity to assess the influence of mHealth on
ANC demand or service utilization (“pull effect”), and on
the interpersonal process of care (“woman engagement”).
This paper therefore explores the experiences of
women exposed to the B4M device, to answer the re-
search questions: i) How did women experience the use
of Bliss4Midwives during their routine antenatal care
consultations? ii) What influence did Bliss4Midwives
have on woman-provider relationships and on ANC ser-
vice utilization?
Due to inactive use of B4M devices in the Northern
region at the time of data collection, only findings in the
Upper East region are reported.
Methods
Design
Qualitative methods including individual semi-structured
interviews and non-participant observation were
employed. Data collection was embedded into a broader
realist evaluation of midwives’ adoption and utilization of
the B4M device.
Setting
The Upper East region (UER) is one of the 10 adminis-
trative regions in Ghana and is further sub-divided into
Abejirinde et al. BMC Pregnancy and Childbirth  (2018) 18:209 Page 2 of 11
districts and municipalities. The B4M project was
piloted in Bawku municipal (one health facility- identi-
fied as Facility A) and Binduri district (three health facil-
ities- identified as B, C and D) in the UER. Both Bawku
municipal and Binduri district are predominantly rural
and about half of their population is illiterate [23, 24].
Three B4M devices were placed in health facilities on a
fixed (permanently stationed in facilities A and D) or ro-
tational basis (one device shared by facilities B and C)
and used to screen women attending ANC.
Data collection
Exit interviews following ANC screening were con-
ducted using a semi-structured interview guide. Ques-
tions explored women’s initial reactions to the device,
its perceived benefits, their views on its (potential) ef-
fect on ANC uptake behaviour (i.e. pull effect), qual-
ity of service delivery and their desire for continued
use of the device.
Interview guides for pregnant women were developed
in English language and translated to the local language-
Kusaal (see Additional file 1). These were discussed with
local program managers before piloting and subsequent
modification (ambiguous words identified and refined,
exclusion of questions perceived to be culturally in-
appropriate). The first author and a trained female Re-
search Assistant (RA) who is fluent in both English and
Kusaal conducted 20 interviews with pregnant women
in June 2017. Sixteen exit interviews were conducted in
the four health facilities immediately after ANC visits
with B4M use. Using disaggregated data from the project
database and with the help of health facility staff, add-
itional women who had been exposed to the device dur-
ing past ANC visits were traced at community level and
invited to the health facility for retrospective interviews
(n = 4). Respondents were selected by convenience sam-
pling based on their attending ANC at the health facility
during data collection, or based on previous ANC
screening with the device and availability for interview.
Women were interviewed irrespective of gestation and
type of ANC visit (i.e. first or follow-up). Interviews were
conducted in locations close to health facilities, but not
in the immediate vicinity of ANC consultations. Based
on the level of education and preference of the respond-
ent, interviews with pregnant women were conducted in
English or Kusaal. Depending on the nature and unique
circumstances related to timing and respondents’ con-
venience, the RA was sometimes the main interviewer
while the principal researcher observed or functioned as
the main interviewer, with the RA translating.
In addition, 10 semi-structured interviews in English
were conducted with health workers (midwives and
community health nurses) who operated the B4M device
in intervention facilities and thereby were engaged in the
B4M-ANC care process (see Additional file 2). This was
done to understand the experience of use and nature of
the mHealth-mediated consultation from different ac-
tors. Health workers were asked to share their percep-
tions of the influence of B4M on women’s behaviour,
compliance to referral or clinical recommendations, and
on women’s attitudes to the use of mHealth for ANC.
As part of the realist evaluation in which this study was
embedded, workers were asked to respond to a
colour-guided Likert five-point scale (ranging from
‘strongly disagree’ to ‘strongly agree’) in response to spe-
cific questions about B4M use. The questionnaire sec-
tion of the interview explored perceptions of how
women responded to the device. Specifically: “I think
more pregnant women are coming for ANC now that we
use B4M in the Health Facility” and “I think that preg-
nant women follow my advice more now that I use B4M
for consultation.” Responses to these questions were
therefore included in the analysis for this paper. We
aimed to interview all health workers who had been
trained in B4M use, had used the device at least once
post-training and were available at the time of data col-
lection. Due to staff rotations, not all midwives who
were initially trained were available to be interviewed
and not all health workers in each facility were trained
on the use of B4M. A summary of the number and cat-
egory of interviews is presented in Table 1.
All interviews were audio recorded and later tran-
scribed and translated where necessary to English lan-
guage. Two independent individuals transcribed a
random number of interviews done in Kusaal to assure
the quality of transcription and translation. Duration of
interviews with pregnant women was between 11 and
34 min (median 21.36 min). Because interviews with
health workers were part of a broader evaluation object-
ive, these lasted longer- from 35 to 91 min (median
52.29 min).
In order to triangulate and validate findings from in-
terviews, one researcher using a semi-structured check-
list and observation guide conducted non-participant
Table 1 Categories of respondents per health facility
Health Workers Pregnant Women
Exit interviews Retrospective interviews
Health Facilitya
Facility A 3 6 0
Facility B 2 7 0
Facility C 3 0 1
Facility D 2 3 3
TOTAL 10 16 4
aFacility A is a district hospital in Bawku Municipality and is the first level
referral point for facilities B, C and D which are health centers in
Binduri district
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observations of ANC consultations in three intervention
sites (facilities A, B and D). These were documented
using handwritten notes. Non-participant observation is
stated here to mean that the researcher is not an active
participant in the facility, but interacts occasionally with
the people in a non-intrusive way through questions and
active listening, if the opportunity presents itself [25].
Secondary data on first ANC visits (i.e. registrations)
over a one-year period- from December 2015 to Decem-
ber 2016 (i.e. 6 months before and 6 months after the
pilot commenced in June 2016) were extracted from
health facility records to supplement findings on the per-
ceived pull effect of B4M.
Data analysis
All transcripts were read and a preliminary codebook
was developed guided by the main themes explored in
the interviews. Two researchers developed codes induct-
ively. One researcher coded all transcripts while another
coded a random number of six transcripts to test
consistency of codes and support data analysis. Codes
were clustered into themes based on similar or recurring
patterns. Qualitative data analysis was supported using
NVivo qualitative data analysis Software; QSR Inter-
national Pty Ltd. Version 11, 2014.
Ethical considerations
Approval for this study was granted by the Navrongo
Health Research Centre Institutional Review Board (Ap-
proval ID: NHRCIRB18) and the EMGO+ Scientific
Committee of the Amsterdam Public Health Institute
(Reference Number: WC2017–026). Verbal and or writ-
ten consent was secured from all respondents. Consent
was secured prior to all interviews, and respondents
signed or appended their thumbprints to an informed
consent form. Respondents for exit interviews received
transport reimbursement (equivalent value of USD$1 -
$2). Health workers were not reimbursed since inter-
views were conducted at their work place.
Results
Between June 2016 and April 2017, 950 ANC screenings
(including follow-up visits) were conducted with the
B4M device in the UER; 284 screenings from health
Table 2 Socio-demographic characteristics of respondents
Characteristic Pregnant women (n = 20) Health workers (n = 10)
Age

















Enrolled Nurse a 1





aAn auxiliary cadre similar to health assistants
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facility A, 69 in health facility B, 129 in C and 468 in D.
Socio-demographic characteristics of interviewees are
presented in Table 2.
Women’s first impressions of B4M
Pregnant women’s first impressions of the Bliss4Midwives
device ranged from fear and happiness to curiosity or a neu-
tral disposition (Table 3). The non-invasive Haemoglobin
clip required women to insert an index finger into the
peg-like clip and was a main reason for fear. This was be-
cause some beneficiaries did not know what to anticipate on
insertion. Two women specifically reported a feeling of dis-
comfort during the screening.
Happiness was related to technological novelty or appre-
ciation for easier and additional diagnostic services. As
noted during ANC observations, some attendees were neu-
tral- rarely questioning or initiating conversations with the
health worker, and were passive actors in the consultation
process. Notably, the few women who demonstrated curi-
osity were formally educated (completed basic primary edu-
cation). Health workers also corroborated reports of
happiness and fear.
The ability of providers to clearly explain the device func-
tion and help women understand its benefits facilitated a
positive disposition to B4M. Attempts by health workers to
incorporate use of B4M while handling a high volume of
work in understaffed settings, sometimes resulted in situa-
tions where not all women attending ANC were screened
with B4M. An unintended consequence of this adaptation
strategy was that while some women felt special for being se-
lected, others felt otherwise excluded or came up with plaus-
ible explanations of why they were not screened with the
device.
Perceived benefits of B4M
ANC respondents felt satisfied about the services offered at
the facilities. When asked to rate the quality of their just
concluded ANC visit on a scale of 1–10, most respondents
gave scores between 6 and 10 points with specific credit
given to counselling and staff attitude (e.g. health workers
are friendly and not shouting). However, these ratings could
not be directly attributed to the B4M device, although a
few respondents specifically stated that their satisfaction of
the visit was because of the otherwise absent diagnostic ser-
vice provided by B4M. Analysis showed that pregnant
women appreciated the device for detecting their health
problems and saving time and money that would have been
otherwise expended on diagnostic referrals. Some women
also believed the device improved the knowledge of health
workers and made them pay closer attention to specific as-
pects of the woman’s health (Table 4).
Prior to the intervention, diagnostic screening was not
frequently conducted at the point of care and now con-
stituted an additional task in the ANC workflow, neces-
sitating more time. For this reason, a drawback on the
perceived benefits of B4M use was that the ANC process
took longer time, which made women impatient. Health
workers interpreted this impatience to mean that women
were not accepting the device. Reports on time estimates
and perceived delays with B4M use ranged from 10 to
30 min extra as compared to the standard workflow.
Technical difficulties (software freezes, slow response
time), and procedural issues (low user dexterity with op-
erating the device) were two main factors that contrib-
uted to delays. While there were reports of rare
occasions where one or two respondents voiced
their displeasure about time delays, midwives more
commonly observed signs of displeasure through
body language. One midwife mentioned an extreme
case where the turnaround time was too long, and a
woman got restless and left the facility.
Interestingly, while ANC attendees in the district hos-
pital (facility A) were particularly grateful to B4M for
saving time, their peers in the health centres did not
make this association. Contrarily, up to two women
from health centres B, C and D associated the use of
B4M with a time delay. Observations revealed that the
reported time saving benefits of B4M from respondents
in facility A was connected to women otherwise having
to spend up to 2 hours at the hospital laboratory to
Table 3 Initial reactions of ANC attendees to B4M device
Reaction Supporting Quote
Fear “It was because I had never seen it and that was my very first time of seeing it, so I was afraid” -Pregnant woman 1, Facility D
Happiness “I was excited because I was hopeful that if I have any sickness in my system, the machine will let me know.” -Pregnant woman 3, Facility A
“I would say for us here, when you hear that you have a device that is going to help you do something, they get excited…. some (women)
get excited, but others…. it is the explanation that you have given them of what (the box) can do so that they can accept it.” -HCW 3,
Facility A
Neutral “I wasn’t happy and wasn’t afraid as well, I just knew it was part of the care they were providing” -Pregnant woman 6, Facility B
“I thought using the box is only when it becomes necessary. So whether or not she uses it, it is the same… They are the professionals and
know the best for me. As for me, I cannot tell.” -Pregnant woman 1, Facility A
Curiosity “That, because after she said she was going to use it for this particular thing, when she was doing it, I was eager and ready to see whether I
belong to any of the diseases she has mentioned or I’m free, so I was just waiting to see what the machine will tell me” -Pregnant woman 2,
Facility B
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process routine tests. Except where other laboratory
tests had to be conducted, B4M therefore became a wel-
come time-efficient alternative in the larger facility.
ANC workflow is usually structured in stations such
that women have to move from one point to another for
specific tests or different aspects of the consultation
(palpation, updating records, weight, height and blood
pressure check, collection of routine drugs). In this con-
text, workers felt the integrated function of B4M made
ANC routine easier and more comfortable. However,
one minor but crucial deviation from the perception that
B4M facilitated focused antenatal care was noted in ob-
servation visits showing that workflow was still broken
when women needed to provide their urine samples.
This usually necessitated going to an outhouse, which
prolonged consultation time and was sometimes
frowned upon by other workers within the facility who
saw this as an interruption of the general workflow.
In health facilities where workers helped women (re)-
negotiate their ANC experience and workflow, women
better understood the value and benefits of the box and
this improved acceptability while diminishing complaints
about time delays. As one health worker put it “they de-
velop some love in it and every time they come, even if it
is wasting time, they will still wait”- an indication that
women may have also adjusted their expectations and
factored in the extra time needed for use of the device.
Women’s engagement with B4M
Prior to using B4M for the first time, the project re-
quired that health workers informed women about the
device using a structured information sheet. Following
this, the woman was required to confirm consent by
appending a thumbprint or signature. This mandatory
step served as an opening for interactive communica-
tion, but was not always carried out. Observations
showed that not all women received a full explanation
about the device, its functions and the procedures for
the screening. On the other hand, the structured format
of B4M compelled prolonged woman-provider inter-
action leading to improved counselling that was other-
wise previously rushed or absent.
Observations and follow-up questions to workers
revealed that most women were indifferent about the
details of care and did not necessarily want to be in-
volved. Women were reportedly more keen to receive
assurances about their health status without spending
much time at the facility. In two of the three facilities
where B4M use was observed, the physical positioning
of the device relative to the woman and B4M user
prohibited (in the case of opposite seating) or was
suboptimal for (e.g. screen not within field of vision)
visual engagement by the woman.
With a few exceptions, midwives would usually explain
the summary of the B4M encounter to the woman after
screening and use the tests results as an opportunity to
educate them on diet, birth preparedness and pregnancy
care prior to scheduling the follow-up appointment. Al-
though this partly explained why the B4M encounter
took longer, pregnant women also felt listened to and
more included in the care process.
“Because I saw that everything, everything was ok. But
that place (i.e. another health facility) I can’t see. But
here, everything is plain and I will know that… I can
see it. I see what are the problems, what they are
advising me on and other things.” -Pregnant woman 6,
Facility D.
Trust and compliance with B4M
Prior to project implementation, it was found that apart
from challenges in the health system with referral link-
ages, women would often not comply with referral
Table 4 Pregnant women’s Perceptions of B4M
Factor Supporting Quote
Service Provision “(I like) every part of the machine. I like it because the machine will tell you the right BP…. and then it will tell you the types
of disease or the problems you are finding in your system.” -Pregnant woman 2, Facility B
Improved Knowledge “(I think the midwife has more knowledge). Because it is through those things that she used to get the information about my
condition. If not, (the results I got from) outside, she could have recorded it and give me the card to go away, but because
of the machine she has took her time to also take me through this procedure to know whether it is really true that I have
this disease and …she is sure that what they brought outside is comparing to her machine.” - Pregnant woman 2, Facility B
Efficiency “It has helped to make her efficient. It is because the things we could have gone to the lab to do that requires so much time,
this one is faster and easier.” -Pregnant woman 3, Facility A
Time delays “I: So in your opinion which particular place do you spend a lot of time?
R: At the machine
I: So where do you think when worked on, will help reduce the time spent? At the records, the machine, the palpation area,
the dispensary?
R: No, just at the machine
I: ….so the machine is what causes the delay
R: Yes” -Pregnant woman, Facility D
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recommendations. Reasons for this included doubt in
the severity of their problem, concerns about cost and
time implications, and fear of being unattended or get-
ting lost in an unfamiliar large health facility.
One of the B4M intervention hypotheses was that the
traffic-light module of the system (which should be visible
to the woman during ANC consultations) would facilitate
women’s engagement and motivate referral compliance.
Interviews explored the confidence of women in the diag-
nostic decisions from B4M and the possibility that women
were more assured about the validity and necessity of re-
ferral instructions if it came from a digital third party.
Analysis showed that most women were confident with
the screening results and a couple of respondents noted
that they would not have believed a referral recommenda-
tion if it had not come from the device.
“Using the box makes me actually believe that it is
indeed true, because with the box she is telling me
what she has seen” -Pregnant woman 7, Facility B.
However, there were a few reports of women who
while acknowledging benefits of the device, did not ne-
cessarily trust its decisions or recommendations. In ne-
gotiating this digital trust, educated respondents were
found most likely to critically reflect on results and rec-
ommendations from B4M.
All health workers agreed to varying extents (eight
strongly agreed and two slightly agreed) to the ques-
tion “I think pregnant women follow my advice more
now that I used the box for consultation”. Reasons in-
cluded the perception that women’s respect for
workers increased- an extension of additional skills
acquired through B4M. Many health workers felt that
women’s compliance to referral and counselling rec-
ommendations happened because the machine, which
was seen as a more knowledgeable or accurate
medium, was ‘demanding’ it.
Some health workers were also of the opinion that the
device mediated woman-provider relationship by enhan-
cing trust.
“Even here the moment you work with them and they
have trust with you, that is all. They believe and they
trust whatever you tell them…. And with the box, it
has even enhanced our work. They believe and they
trust that if we tell them something, it is true because
the box has actually said it.” -HCW 2, Facility D.
Interestingly, some women personified the device, report-
ing that the box “advised them” while others described
what “the machine said”. Just as the receipt of routine drugs
(iron and folate) at the end of a visit was considered proof
that ANC had been effectively carried out, two pregnant
women said interaction with the box was proof that ANC
was properly completed.
“You know when I come and they don’t use it to
attend to me and I just get back home like that, it
doesn’t actually feel like you came” -Pregnant woman
3, Facility B.
Pull effect
An anticipated effect of B4M use in health facilities was
that its innovativeness and the provision of diagnostic
options for women would encourage more first time
(registrants) and follow-up ANC visits (attendants). In-
terviews revealed that all, except two health workers, felt
that the use of B4M in their health facility created a de-
mand for ANC services. In some cases, it was believed
that B4M attracted women from other health centres to
theirs. In response to the Likert-scale question “I think
that more pregnant women are coming for ANC now
that we have this device in our health facility”, two
health workers neither agreed nor disagreed, three
slightly agreed and five were strongly in agreement. A
minority, however, felt that more women were now reg-
istering for ANC, but that this was unrelated to B4M.
Health workers attributed this perception of a positive
pull effect to women spreading news about the device
within their communities, especially following a testi-
mony of improved wellbeing after adhering to the B4M
advice.
“When they saw it the first time and those (I screened)
and told them their problem, they were telling their
colleagues- ‘Oh I went to the hospital, they are now
having a machine’. So everybody wants to come and
see the machine.” -HCW 2, Facility B.
However, no pregnant woman reported discussing the
availability of the device with any of their peers or learn-
ing about its presence in the facilities from a third party.
Although we did not have enough data points to deter-
mine the extent to which number of ANC visits was as-
sociated with the presence of B4M in health facilities, we
compared descriptive data on ANC registrations (1st
visits) in UER intervention facilities 6 months prior to
B4M (December 2015–May 2016) and 6 months follow-
ing commencement of the pilot (July 2016–December
2016). Interestingly, results did not show a dramatic in-
crease in total visit numbers. In some instances, we no-
ticed a decline over time (Table 5).
When women were asked to comment on their dis-
position to return for ANC even in the absence of the
box, all noted that it would not influence their attend-
ance of follow-up visits, although they may be curious or
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slightly disappointed if it was absent. This may have
been due to the lack of alternatives as pointed out by
one respondent:
“Of course I will (keep visiting this health facility).
Where else will I go? I was even coming here when the
box was not here” - Client 1, Facility B.
Although most women felt their future ANC behav-
iour would not be motivated by the presence of the de-
vice, their expectation for future use was affirmative.
Discussion
This paper aimed to explore the experiences of pregnant
women screened with B4M device and its influence on
ANC service utilization and woman-provider relation-
ships. There has been significant focus on the feasibility
and acceptability of mHealth from the lens of the tech-
nology user. However, less attention has been paid to
the views and perceptions of the end beneficiary- per-
spectives which are equally important in the outcome
and long-term use of mHealth devices [26].
The reported enthusiasm of women to B4M can be
linked to the novelty effect of mHealth and are similar
to reactions of health worker users in other studies [21,
27]. While there are mHealth innovations where the user
is the direct beneficiary of the functions offered [16, 28],
the nature and function of B4M necessitated a triad rela-
tionship between the device, the health worker user and
the direct beneficiary i.e. pregnant women. Findings that
some women were initially fearful of the device shed
light on the importance of incorporating both technol-
ogy users and beneficiaries in the mHealth-assimilation
process. Specifically, reactions of fear in the B4M study
were directly related to device components, which can
be overcome with careful explanation and guidance from
health workers. The potential risk of skipping this
process of careful negotiation is the spread of myths and
misconceptions, which could hamper eventual integra-
tion of mHealth into routine care.
The neutral disposition of some pregnant women to
B4M may have been related to low literacy levels and feel-
ings of inadequacy about questioning the competence of a
trained professional. Given the intervention context- pre-
dominantly rural with high illiteracy levels, it was not sur-
prising that only a couple of B4M beneficiaries who are
also educated, were engaged actively in the care process
[29]. Future interventions of a similar nature should go
beyond technical training; additional training in commu-
nication and negotiation skills is necessary to facilitate ac-
ceptability and to actively involve women in the care
process.
This study found that although pregnant women could
not fully engage with the B4M-mediated process, they
were still satisfied with the care received. The design of
B4M compelled health workers to follow structured
guidelines and procedures, such that they had to directly
communicate with women. In so doing, the device
served as a platform for improved woman-provider
interaction. This made women feel heard and listened
to, although an indirect consequence of this was longer
consultation time. Missed opportunities for improved
engagement occurred when workers did not take the
entry point offered by the intervention to explain its
function to end-beneficiaries. By virtue of providing
diagnostic services, which would otherwise take a longer
time or incur additional time and financial commitments
of pregnant women, B4M served to overcome gaps in
unnecessary diagnostic referral while influencing the
likelihood that women would comply with referral rec-
ommendations. A note of warning, however, is that if
women become only compliant to clinical recommenda-
tions when delivered by technology, there is risk of a di-
lemma should woman-mHealth trust rank above
woman-provider trust.
While technology has shown promise in improving ac-
cess and efficiency of some health care processes, it is
generally agreed that it is not yet a substitute for
real-time face-to-face interaction and interpersonal rela-
tionship [30]. There are mixed reports on how mHealth
may facilitate or hinder woman-provider interaction
[30–32]. A study on the perceptions of community
health workers in Brazil to the use of a data collection
and transmission tool, reported social barriers to utiliz-
ing the cell phone intervention despite its reported ad-
vantages [31]. Such barriers included the negative
impact of the tool on social interaction (i.e. interpersonal
connection) with pregnant women. Interrupted eye con-
tact and passive involvement especially with illiterate
and older women impeded trust building and effective
engagement. On the other hand, assessment of the mo-
bile santé Nouna intervention in rural Burkina Faso
showed expectations of improved relationships between
the health facility and the community with mHealth as
an intermediary [33].
The meanings of expertise that women attached to the
B4M device while personifying it were notable. This
Table 5 Number of ANC registrants 6-months pre- and 6-
months post- B4M initiationa
Facility Ab Facility B Facility C Facility D
Dec 2015- May 2016 792 199 79 171
July 2016- Dec 2016 647 205 88 135
Difference − 145 + 6 + 9 −36
aData from June 2016 was not included in this analysis because the
intervention commenced in the middle of the month
bFacility A is a district hospital in Bawku Municipality and is the first level
referral point for facilities B, C and D which are health centers in
Binduri district
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made B4M seem like an active expert-participant in the
consultation. A review of studies found that when bene-
ficiaries of care attribute a status of specialised or
“higher up” knowledge to CDSS, it enhances their trust
in results and recommendations [21]. Woman-provider
trust has been shown to play a role in the continuity of
maternal care and in women’s preferences for facility de-
livery [34, 35] and ANC visits have been earmarked as
an entryway to establish such trust [7]. Although some
health workers believed that the B4M device mediated
the woman-provider relationship by enhancing trust, we
could not ascertain the pattern of interactions regarding
the trust effect. Were ANC attendees trusting health
workers more because they used the device, or did it
only enhance existing trust? Especially with B4M where
screening results required voluntary compliance from
women to seek further care, their trust in test results
and the midwife’s recommendations was crucial. Screen-
ing, which is only one of many steps in the chain of care
is therefore only relevant when followed by prompt and
proper management of the conditions detected. Unfortu-
nately, broader health system deficiencies such as lack of
resources and fragmented referral systems limit the cap-
ability for a full chain of service delivery, which is be-
yond the scope of what mHealth can do.
Interestingly, perceptions of time efficiency differed
between types of health facility. The mixed reports about
the time efficiency of B4M use in health centres (facil-
ities B, C, D) and the hospital (facility A) appeared to be
linked to the workload associated with the latter. B4M
allowed women bypass burdensome bottlenecks of the
care process in the bigger health facility. Studies have
shown that service delivery advantages of mHealth vary
depending on characteristics of the facility in which it is
placed and aspect of care it is used for. Reports from a
multi-country study show greater time efficiency when
CDSS was used in the delivery room than for ANC [36].
This may explain why B4M was considered more time
efficient at the district hospital than at lower levels
where women had more direct contact with all points of
the ANC workflow without too many interruptions in
the care process. Overall, our findings show that B4M
saves time compared to the standard where women from
health centres have to delay screening and travel a dis-
tance for tests. In this standard scenario, ANC consult-
ation becomes interrupted till a later date, after test
results have been acquired. These are time inefficient
processes that may not be immediately appreciated by
pregnant women and overall influence the timeliness of
treatment and continuity of care.
In the last decade, the effect of community focused in-
formation, education and communication campaigns
about the value of ANC seems to have paid off. Even in
rural areas of Northern Ghana, studies have reported
impressive rates (up to 90%) of ANC attendance and
utilization of skilled delivery [37]. While this study could
not prove increased ANC registrations due to B4M use,
health workers had a strong perception of a pull effect.
The counter-intuitive results from B4M facilities with
continuous use versus rotating use, where registrations
marginally decreased in the former group compared to
the latter, further caution against hasty conclusions re-
garding a pull effect and hint at other factors at play to
explain these differences. However, some studies in simi-
lar settings have reported improvements in health ser-
vice utilization, specifically ANC attendance, due to
mHealth [28, 38, 39]. In addition to a small data set, the
absence of agreement between workers’ perceptions and
routine data from the B4M sites may be due to incom-
plete records, pre-existing trends of high ANC coverage
in study regions, or minimal options at competing health
facilities from which clients could be pulled. In light of
updated guidelines recommending eight ANC contacts
during pregnancy [7], and the continued expansion of
mHealth use in LMICs, it is beneficial to identify the
contexts and mechanisms by which mHealth positively
influences demand and service utilization.
Study limitations
The B4M intervention was a short-term proof of concept
and as such its use was confined to a limited number of
health facilities in study regions. Retrospective interview-
ing of some pregnant women as well as B4M users who
had not used the device for up to 2 months before the
interview, introduced a risk of recall bias. We attempted
to counter this by using visual cues of the device and
prompting respondents with specific events associated
with device use. In addition we used multiple data sources
for triangulation. By conducting women’s exit interviews
in locations removed from the immediate service delivery
environment, other biases (e.g. social desirability and con-
firmation) were minimized. A researcher who was not fa-
miliar with the local language conducted observations.
This limited the ability to fully capture verbal elements of
what was observed. However, when possible, information
gaps were filled by follow-up questions to health workers.
Research bias due to the researchers’ presence during the
initial sets of observations was inevitable. To counter the
observer effect, multiple observation visits were con-
ducted over a number of days, with the expectation that
those being observed will resume their natural behaviour
over time [40]. Not all respondents declared their age and
health record booklets were not readily accessible, leading
to information gaps on socio-demographic characteristics.
Conclusions
Pregnant women’s experiences and perceptions of
mHealth-supported service delivery can influence how
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the implementation process translates to desired care
outcomes. The B4M proof-of-concept showed that
mHealth influences the trust ANC attendees have in
health workers and in referral recommendations, which
may positively impact compliance of women to treat-
ment. Additionally, by fostering some level of engage-
ment, the intervention made women feel listened to and
cared for. There is, however, a need for further inquiry
into how mHealth shapes women’s expectations of ma-
ternal care and the perceived pull effect. Future studies
should also focus on how beneficiaries, in addition to
mHealth users, directly or indirectly influence mHealth
adoption, utilization and health outcomes.
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